ABSTRACT Aim: Describe the characteristics of patients initiating human regular U-500 insulin (U-500R) and their subsequent glycemic control in a real-world setting.
INTRODUCTION
Human regular U-500 insulin (U-500R; Humulin R U-500; Eli Lilly and Company, Indianapolis, Indiana) became available in the USA in 1997 for patients with diabetes requiring high doses of insulin. U-500R is five times more concentrated than human regular U-100 insulin and contains 500 units of insulin per milliliter. 1 The reduced volume of dosing with the U-500 concentration allows treatment of patients with severely insulin-resistant diabetes (mainly type 2 diabetes [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] ) on total daily doses >200 units or >2 units/kg 1 4 5 12 with often just 2 or 3 injections daily 1 4-6 8 as compared with 5 to 8 injections a day with U-100 insulins. The pharmacokinetic (PK)/pharmacodynamic (PD) profile of U-500R has similar overall exposure and effect to human regular U-100 insulin in healthy obese participants, with a longer duration of action, but slightly lower peak insulin concentration and effect. 13 This unique prandial and basal activity profile allows U-500R to be used as insulin monotherapy without concomitant U-100 basal insulins. 8 13-15 With the rise in obesity and insulin-resistant patients with type 2 diabetes
Key messages
▪ This study describes the characteristics of patients initiating human regular U-500 insulin (U-500R) and their subsequent glycemic control in a real-world setting. ▪ This real-world outcomes analysis demonstrates that U-500R initiation is associated with a clinically meaningful improvement in glycemic control over the subsequent 12-month period with modest increase in incidence and rate of hypoglycemia. ▪ Following initiation of U-500R, mean glycated hemoglobin improved 0.68% in all patients (p<0.0001 compared with baseline). ▪ Overall, hypoglycemic events, largely captured in the outpatient setting, increased in incidence from 6.7% to 11.9% ( p≤0.0001) and from 0.23 to 0.39 events/patient/year, an increase of 0.16 (p=0.003), from preindex to postindex. ▪ This is the first study to report the frequency of concomitant use of specific non-insulin injectables with U-500R.
in the USA, prescriptions for U-500R increased 97% from August 2008 to September 2010. 13 Currently, U-500R is licensed and available only in the USA; outside the USA, it is available only from the manufacturer on a named-patient basis in UK and elsewhere in the world, on a compassionate use basis.
A clinical review in 2013 by Jones and Idris 7 of 10 published case series showed reduction in glycated hemoglobin (HbA1c) ranging from 1.0% to 2.8% in patients treated with U-500R mainly by multiple daily injections (MDI). Sample sizes of the case series were small (9-81 patients; total 317) with an average of 3-36 months of follow-up, and severe hypoglycemic events were uncommonly reported. 7 A clinical review/meta-analysis by Reutrakul et al 6 reported mean HbA1c reductions of 1.59% in nine case series of U-500R by MDI. 6 Only one small (N=28) randomized controlled trial (RCT) of U-500R has been published, which reported significant HbA1c reduction (from baseline 9.2% to 7.5% at 24-week end point, p=0.0001) with no reported episodes of severe hypoglycemia when combined with metformin. 15 A larger RCT (N=325) is currently in progress. 16 In other real-world studies, U-500R has shown to be cost-saving when compared with high-dose U-100 regimens. A recently published study showed reduction in annualized pharmacy costs and lower overall healthcare costs for patients initiating U-500R as compared with a propensity-matched group utilizing >200 units/day of U-100 regimens. 9 Compared with doses ≥150 units/day of U-100 insulin regimens, U-500R demonstrated a reduction in pharmacy costs but not overall healthcare costs. 10 Both of these studies showed greater medication adherence for the U-500R cohorts. 9 10 In addition, both studies showed higher incidence of hypoglycemia, although rates and costs associated with the hypoglycemic events were not different; however, the databases for both of these studies did not include parameters of efficacy (HbA1c). 9 10 The objectives of this study were to describe the characteristics of patients initiating U-500R and to determine their subsequent glycemic control in a real-world setting.
METHODS
A retrospective analysis was conducted using data from the Humedica electronic health record (EHR) database spanning the period from July 2007 through September 2011. The Humedica EHR database contains de-identified EHRs with prescription and practice management data from partnering with large medical practices, integrated delivery networks, and hospitals in the USA. Humedica EHR normalizes, validates, and aggregates the data within this database. Patient demographics including age, race, sex, residential region, and type of insurance coverage are also specifically included in the database. Laboratory results, physician notes, radiology, pathology, procedures, and diagnosis are stored as well.
This study used diagnosis (International Classification of Diseases, Ninth Revision, Clinical Modification, ICD-9-CM) and procedure codes, and records for written prescriptions from the database. The index date of the study was defined as the date when U-500R was first prescribed to specific patients. All data were de-identified to comply with Health Insurance Portability and Accountability Act Regulations.
In order to be eligible for the study, participants were required to be ≥18 years of age at index with at least one diagnosis of type 1 or type 2 diabetes (250.xx). In addition, prescription records in the 6 months prior to the index date (date of first written U-500R prescription) and 12 months postindex were necessary, along with 12 months postindex date medical service information. A minimum of two HbA1c values, one preindex or on the index date, and the second in the postindex period, were required. Patients were excluded by diagnosis of secondary diabetes (249.xx) or gestational diabetes (648.8x) in either preindex or postindex.
Statistical methods
Baseline variables of the overall study population were summarized, including preindex demographics, comorbidities, and diabetes medication history. Missing and invalid data were excluded unless otherwise specified. Age was calculated as index date year minus birth year; if birth year was 1936 or earlier, it was set to be 1936. Missing or invalid body mass index (BMI) values (≤15 or ≥60) were dropped from the data. Non-numeric HbA1c values or those with units other than percent were also excluded. The frequencies of postindex antihyperglycemic agent (AHA) use (orals and non-insulin injectables) were calculated. The dates when prescriptions were written (but not filled nor refilled) were used to identify preindex and postindex treatment patterns from the prescription records data. Preindex and postindex HbA1c values, using the latest reading in each period, were determined overall. HbA1c values were evaluated by the combinations of age groups (less than 65 vs 65 years and over), and the presence or absence of comorbid cardiovascular disease (CVD) and/or nephropathy. ICD-9-CM-captured hypoglycemic events, as flagged by the Ginde algorithm, 17 were assessed, along with the medical encounter on the episode date with the highest 'severity' (inpatient hospitalization>emergency visit>office/clinic visit). Paired t tests were used to measure the significance of the preindex to postindex change in HbA1c values, and the changes in incidence and rates of hypoglycemic events (number of events/patient/year), both overall and within each treatment group. Least squares means (LSM) analysis, adjusting for baseline values, was also used to evaluate the change in HbA1c values. The LSM approach is commonly used to estimate treatment effects controlling for certain covariates and accounting for differing sample sizes between the treatment groups.
RESULTS
Preindex/baseline demographics and clinical characteristics are displayed in table 1. The U-500R cohort predominantly had type 2 diabetes (96.9%) and was 60.9% Caucasian, with mean age 56.8 years and 25.6% age ≥65 years of age. This cohort also had class 3 obesity (mean BMI 40.4 kg/m 2 ), highly prevalent comorbidities (hypertension (86.5%), neuropathy (45.2%), nephropathy (42%), and CVD (39%)), and high Charlson Comorbidity Index (mean 3.5). Care involving endocrinologists was observed in less than half of the patients (43.1%). Very few patients in this database received U-500R via off-label continuous subcutaneous insulin infusion (CSII; postindex (n=4 (0.9%)), in contrast to an earlier study showed this to be common (25.4% postindex 10 )). Concomitant AHA prescriptions written in the 6-month preindex period are displayed in table 1, while the 12-month postindex concomitant AHA prescriptions written are shown in table 2. During the preindex period, 38.2% of patients received written prescriptions for oral AHAs, predominantly as metformin (28.8%) with a smaller proportion of non-insulin injectable AHAs (7.6%; table 1), both of which increased during the postindex period (metformin to 33.0% and non-insulin injectable AHAs to 14.6%; table 2).
Treatment groups of interest were identified by written prescriptions of U-500R in postindex (table 2) as follows: group A: U-500R was the only insulin written postindex (47.0%) and group B: overlapping U-500R and U-100 prescriptions were written during the postindex (53.0%). Of those utilizing U-500R overlapping with U-100 in the postindex, 75% of the U-100 use was prandial (rapid-acting analogs/human regular), 56% basal (glargine or detemir) or intermediate-acting (human neutral protamine Hagedorn), 12% premixed, and 18% unspecified.
Overall the mean baseline HbA1c was 9.2±1.7%. HbA1c levels during the preindex and postindex periods, stratified by overall, groups A and B, age, CVD, .5%, and <7% also significantly improved ( p<0.0001 for all) from the preindex to postindex period (figure 1). The incidence and rates of hypoglycemic events are displayed in table 4. Overall, there were more hypoglycemic events in the postperiod (175 events in 53 patients over 12 months) than in the 6-month preindex (52 events in 30 patients). The incidence of patients having at least one hypoglycemic event postindex in group A versus group B was similar (12.4% vs 11.4%; p=0.745), while the incidence at baseline was somewhat lower in group A versus group B (4.8% vs 8.5%; p=0.121). Hypoglycemic events did not appear significantly different between the first 6 months postindex versus the last 6 months between cohorts. The annualized rate of hypoglycemic events per patient per year was 0.23 in the preindex period and 0.39 in the postindex period, an overall increase of 0.16 events per patient per year ( p=0.003). In the two treatment groups, the hypoglycemia rate (events per patient per year) increased by 0.15 ( p=0.021) and 0.17 ( p=0.051), in groups A and B, respectively, from preindex to postindex.
DISCUSSION
Limited real-world data exist on the efficacy and safety of U-500R therapy in patients in a large-scale naturalistic setting. Two recent studies focused on healthcare resource utilization, 9 costs and adherence 9 10 with propensity-matched high-dose U-100 insulin-treated cohorts compared with U-500R-treated cohorts. Both studies reported higher incidence of ICD-9-CM-coded hypoglycemic events with U-500R, although the rate and costs associated with the hypoglycemic events were no different between U-500R and U-100 insulin use. 9 10 Since the respective databases for those studies did not include HbA1c values, comparison of postindex glycemic control between the U-500R and U-100 cohorts was not possible, and this information is needed to interpret the comparative hypoglycemia data.
The current real-world study of U-500R use is the first to analyze HbA1c data over time in addition to detailed baseline prescription and hypoglycemia data. The Humedica EHR database was able to capture 445 unique patients meeting entry criteria for preindex and postindex periods. Although this number is smaller than the number of propensity-matched pairs from the two previous real-world studies (684 9 and 1039, 10 respectively), it is close to the total number of U-500R-treated patients reported in the world's literature of published case series (N=524; most retrospective; combining MDI series 4 6 7 18 with off-label CSII use 4 6 7 19 20 and use in pregnancy 21 ). The overall HbA1c reduction of 0.68% in this cohort is statistically and clinically significant, but is less than that reported in the clinical case series (1.0-3.5% 4 6 7 18-20 ) and from the single RCT (1.0-1.7%). 15 However, this is not surprising since the prior clinical reports were conducted by investigators/institutions with particular clinical experience with use and titration of U-500R over time, thus likely representing more expert use than that captured by the Humedica EHR database for all U-500R use during the study period, within the prespecified study parameters. In addition, mean baseline HbA1c values for this study population were lower (9.1±1.7%) than in the reported case series (weighted mean HbA1c 10.0% 4 ). The challenges of treating severely insulin-resistant patients with diabetes are well recognized by the American Diabetes Association and the European Association for the Study of Diabetes (EASD) which recommend individualized HbA1c goals of 7.5-8.0% or even higher when intensive self-management education, repeated counseling and effective doses of multiple antihyperglycemic medications are ineffective, particularly in patients with multiple comorbidities 22 and patients requiring U-500R for high-dose therapy. 23 In this study, the percentage of patients achieving HbA1c <7.5% significantly increased from 13.7% to 27.6% and <8.0% rose from 23.2% to 43.6% (figure 1; p<0.0001 for both from preindex to postindex).
Although U-500R therapy with concomitant use of basal or prandial U-100 insulin has been advocated for by some, 3 18 24 most case series have reported use of U-500R by itself 2 4-6 consistent with reported PK/PD prandial and basal characteristics of U-500R. 13 The two RCTs of U-500R also had algorithms using U-500R as insulin monotherapy. 15 16 This study is unique in being able to differentiate reduction in HbA1c postindex between those with U-500R use alone (group A; 0.78%) as compared with concomitant U-500R and U-100 therapy (group B; 0.60%) although groups A and B were not statistically different (table 3) . U-500R insulin monotherapy may also reduce the risk of dosing errors and confusion that might arise from concomitant use of non-dedicated U-100 insulin syringes or volumetric syringes for U-500R and U-100 insulins. 1 4 5 7 8 Owing to the limitations in the database, this analysis was unable to evaluate the total daily dose and frequency of dosing for the insulins prescribed to help shed light into these prescribing patterns. Additionally, this database does not contain all of the patients' clinical information (eg, selfmonitoring blood glucose diary entries) that physicians would use when determining the choice of medications to prescribe.
The American Diabetes Association, EASD, American Association of Clinical Endocrinologists, and The Endocrine Society position statements and publications 22 23 25 26 emphasize the importance of avoidance of hypoglycemia, particularly severe hypoglycemia, in insulin-treated patients with type 2 diabetes. Although the incidence and rate of hypoglycemic events did increase in our U-500R cohorts postindex, the clinical setting of these events was predominately outpatient, and may have been mild or moderate in severity. Certainly, improved glycemic control (to postindex mean HbA1c values of 8.4% and 8.6%, respectively, in groups A and B) would be expected to increase the occurrence of hypoglycemia. The glycemic efficacy in our cohort, although novel, does not help to provide understanding of the higher incidence of hypoglycemia (setting not specified) observed in the propensitymatched U-500R versus U-100 insulin cohorts of the recent naturalistic studies 9 10 since we were not able to assess a matched cohort treated only with U-100 insulins in this database. Severe hypoglycemia has occasionally been reported in clinical case series 11 19 21 24 with no reports in others 18 27-29 and no severe hypoglycemia in the recent U-500R RCT. 15 One case series (N=53) reported eight episodes of severe hypoglycemia occurring in six patients. 11 Severe hypoglycemia rate was reported as 0.1 episode per patient-year in one case series of U-500R by CSII (20; N=59). A recent case series reported an increase in mild hypoglycemia from 13.0% prior to U-500R to 42.0% after initiation of U-500R therapy. 27 Some studies have reported more episodes of mild hypoglycemia in the early period after initiation of U-500R; 15 28 however, our analysis did not show any difference between the early and later postindex period (table 4). In the current study, there were no episodes of severe hypoglycemia accompanied by hypoglycemic coma. Higher adherence observed with U-500R therapy compared with high-dose U-100 insulin could contribute to more hypoglycemia. 9 10 Combining oral secretagogues (sulfonylureas or glinides) with insulin is known to increase hypoglycemia, 22 25 26 and it is important to note that 11% of the U-500R cohort from this study were also co-treated with sulfonylureas in addition to U-500R therapy (still over 9% postindex) which may also reflect a lack of experience by prescribers in this database.
This study adds to the clinical understanding of U-500R-treated patient characteristics and demographics previously reported in clinical and naturalistic studies. [2] [3] [4] [5] [6] [7] [8] [9] [10] This is the first study to differentiate between concomitantly used non-insulin injectable AHAs with U-500R, with the finding of more preindex and postindex concomitant use of the amylin agonist, pramlintide, than use of glucagon-like peptide-1 receptor agonists (GLP-1 RAs; tables 1 and 2). Off-label combined use of pramlintide with U-500R has rarely been discussed in the literature, 30 although concomitant use of U-500R with GLP-1 RAs has been reported. 15 29 31 32 A retrospective observational study by Lane et al 29 showed a decrease in HbA1c by 1.4%, total daily insulin dose by 28%, and weight loss of 5.1 kg after 12 weeks of liraglutide added to U-500R therapy in patients with insulin-resistant type 2 diabetes. Combined use of U-500R and GLP-1 RAs is also not FDA-approved in the USA.
Some limitations apply to this study. As mentioned earlier, this analysis could not use propensity matching to comparably dosed U-100 insulin patients due to inability to verify total daily insulin dose. This study was unable to determine if the patient actually took U-500R; the data extracted from the EHR only confirm that the prescription was written, and as such, even though our data revealed that 28% of the patients did not have U-100 insulin prescriptions written in the pre-period, we do not believe it meant that concentrated insulin was the first insulin for all of those patients. It is possible that patients had prescriptions written prior to our data collection window with refills that would extend into our pre-period, or that patients did not obtain prescriptions for U-100 insulins prior to U-500R initiation. In addition, insulin prescription refill and dosage information records were inconsistent and often missing within these EHR data. Accordingly, the adherence or persistence of patients to treatment could not be accurately determined. The index periods were not the same duration, preindex; 6 months and postindex; 12 months, possibly falsely elevating the assessment of comorbidities and prescriptions written in the postperiod. In previous studies using the Truven MarketScan database, patients were identified using ICD-9-CM codes associated with hypoglycemia (likely representing major hypoglycemia) or diabetes with specified manifestations, thus there was a greater incidence of hypoglycemia in U-500R than with U-100 insulins, but neither study included assessment of glycemic efficacy. 9 10 The current study using Humedica EHR database identified hypoglycemic events used the Ginde algorithm, which has only been validated for use with claims databases and not EHR databases. 17 Additionally these events could not be confirmed with blood glucose values within the Humedica EHR database, and capture of hypoglycemia by ICD-9-CM codes is likely to under-report the true incidence. As aforementioned, the Humedica EHR database could not differentiate clearly between patients who took concomitant U-500R/U-100 insulins and those who might have switched back to U-100 insulins from U-500R during the postindex period, a practice that has been reported in prior case series. 3 4 In the future, efficacy and safety analyses of these further subgroups would be of clinical interest.
This real-world outcome analysis demonstrates that initiation of U-500R is associated with a clinically meaningful improvement in glycemic control among all study patients (0.68% decrease in HbA1c) over the subsequent 12-month period. Future studies are planned using databases that hopefully will allow detailed assessment of glycemic efficacy along with dosing information (total daily doses and frequency of administration and dosing regimens), safety parameters of hypoglycemia and changes in weight and BMI, and patient adherence over time to address remaining gaps in better understanding clinical use of U-500R.
